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VXFFHVVIXO LULV UHFRJQLWLRQ  Iris segmentation KDV EHHQ XVHG WR UHGXFH UHFRJQLWLRQ HUURU DQG WKHUHE\ WR LPSURYH
UHFRJQLWLRQ DFFXUDF\  Fusion RI LULV LPDJHV RI D JLYHQ H\H KDV  EHHQ XVHG WR HQKDQFH LULV UHFRJQLWLRQ  $Q
LPSURYHG  LULV UHFRJQLWLRQ V\VWHP EDVHG RQ stationary images XVLQJ YLVLRQ PRGXOH KDV EHHQ SURSRVHG LQ 
([WUDFWLQJWKHedge featuresIURPWKHLULVDQGWKHLUPDWFKLQJXVLQJLGHQWLW\YHULILFDWLRQZDVLQWURGXFHGLQ,ULV
UHFRJQLWLRQEDVHGRQWKHWZRGLPHQVLRQDOmedian filterLVH[SODLQHGLQ7KHH[WUDFWLRQRIWKHOLQHVDQGFXUYHVRI
LULVLPDJHVKDVEHHQVXFFHVVIXOO\GRQHLQ
$VXFFHVVIXO LULV UHFRJQLWLRQV\VWHPPXVWJLYHDKLJKUHFRJQLWLRQUDWHZLWKUHGXFHGVHWRIIHDWXUHV7KLVSDSHU
SURSRVHVDQLULVUHFRJQLWLRQV\VWHPHPSOR\LQJSUHSURFHVVLQJIHDWXUHH[WUDFWLRQDQGIHDWXUHVHOHFWLRQDVVKRZQLQ
)LJ7KLVV\VWHPHPSOR\VDWUDLQLQJDQGDWHVWLQJVWDJHDQGD(XFOLGHDQFODVVLILHULVXVHGWRLGHQWLI\VXFFHVVIXO
UHFRJQLWLRQ
&RQWULEXWLRQV
7KLVSDSHUSURSRVHVWKUHHQRYHOWHFKQLTXHVWRDFKLHYHHQKDQFHG,ULV5HFRJQLWLRQ
x Radon transform for detecting lines in iris textures ,ULV LPDJHV LQ WKH GDWDEDVHV VXIIHU IURP OLJKW
LQVXIILFLHQF\ODFNRIIRFXVHWFGXULQJWKHLUFDSWXUH7RGHWHFWWKHHVVHQWLDOOLQHVDQGFXUYHVLQLULVWH[WXUHV
5DGRQWUDQVIRUPLVXVHG
x Top hat filtering for image enhancement 7RS KDW ILOWHULQJ EULQJV RXW D JRRG FRQWUDVW E\ LQFUHDVLQJ WKH
JUDGLHQFHEHWZHHQEULJKWHUDQGGDUNHUSL[HOVUHVXOWLQJLQHQKDQFHG,ULV5HFRJQLWLRQ
x DWT+DCT based feature extractor7KHHIILFLHQF\RIDQH[WUDFWRUGHSHQGVRQ WKHH[WUDFWLRQRI UHTXLUHG
NH\IHDWXUHVEDVHGRQ WKHVSHFWUXPREWDLQHG7KHXQLTXHFRPELQDWLRQRI':7DQG'&7H[WUDFWVDOO WKH
VDOLHQWIHDWXUHV




)LJ*HQHUDOEORFNGLDJUDPRIDQ,ULVUHFRJQLWLRQV\VWHP


,PDJH3UHSURFHVVLQJWHFKQLTXHV

3UHSURFHVVLQJRIDQ LPDJH LVGRQH WR LPSURYH WKHTXDOLW\ UHGXFHWKHUHGXQGDQW LQIRUPDWLRQDQG WRHQKDQFH
RQO\WKHUHJLRQRILQWHUHVW7KHLPDJHLVVFDOHGGRZQWRDIL[HGLPDJHVL]HLQRUGHUWRVSHHGWKHHQWLUHSURFHVV7KH
SUHSURFHVVLQJ WHFKQLTXHV XVHG LQ WKLV SDSHU DUH 5*% WR JUD\ FRQYHUVLRQPHGLDQ ILOWHU KLVWRJUDP HTXDOL]DWLRQ
5DGRQWUDQVIRUPDQGWRSKDWILOWHU
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3.1. RGB to Gray conversion 

*UD\VFDOHLPDJHVDUHVLPSOHUIRUSURFHVVLQJRIDQLPDJHDVFRPSDUHGWRFRORXULPDJHV$JUD\VFDOHLPDJHLV
EDVLFDOO\GLPHQVLRQDOZKLFKLQFOXGHVOHVVLQWHQVHYDOXHVLQJUD\VFDOHIRUWKHRYHUDOOLPDJHDQGWKXVUHGXFLQJKXH
DQGVDWXUDWLRQLQIRUPDWLRQWRUHWDLQOXPLQDQFH7KHFRQYHUVLRQLVGRQHXVLQJ(Tx

< 5*% 
 
 
3.2. Median filter 

0HGLDQILOWHUZRUNVRQWKHSL[HOVRILPDJHVE\FDOFXODWLQJWKHPHGLDQSL[HOE\SL[HOWKXVREWDLQLQJDSDUWLFXODU
VHWRIPHGLDQYDOXHGSL[HOVIRUWKHHQWLUHLPDJH7KLVW\SHRIILOWHULVYHU\HIIHFWLYHZKHQWKHLPDJHVDUHFRUUXSWHG
E\VDOWDQGSHSSHUQRLVH



)LJ,PDJHVVKRZLQJYDULRXVVWDJHVLQYROYHGLQSUHSURFHVVLQJIRUDQLPDJHIURP3KRHQL[GDWDEDVH2ULJLQDOLPDJH*UD\VFDOHLPDJH
0HGLDQRIWKHLPDJH+LVWRJUDPHTXDOL]HGLPDJH5DGRQWUDQVIRUPHGLPDJHD6XUISORWRI5DGRQ7UDQVIRUPHGLPDJH7RSKDW
ILOWHUHGLPDJHD6XUISORWRIILOWHUHGLPDJH


3.3. Histogram Equalization 
 
          +LVWRJUDP(TXDOL]DWLRQ LVXVHG IRU FRQWUDVW HQKDQFHPHQW ,W DOVR UHGXFHV UHGXQGDQWSL[HO LQIRUPDWLRQ IURP
LULVLPDJHVZKLFKLQWXUQLQFUHDVHVFRPSXWDWLRQVSHHG


3URSRVHG,ULV5HFRJQLWLRQ0HWKRGRORJ\

4.1. Proposed pre-processing using Radon transform for detecting lines and curves in iris textures 
 
 7RUHSUHVHQWDQLPDJHWKH5DGRQIXQFWLRQWDNHVPXOWLSOHSDUDOOHOEHDPSURMHFWLRQVRIWKHLPDJHIURPGLIIHUHQW
DQJOHVE\URWDWLQJWKHVRXUFHDURXQGWKHFHQWUHRIWKHLPDJH%DVHGRQWKHFRQFHSWRISURMHFWLRQSUHSURFHVVHG
KLVWRJUDP HTXDOL]HG LPDJHV DUH DSSOLHG ZLWK 5DGRQ WUDQVIRUP ZKLFK WUDQVIRUPV WLPH GRPDLQ WR SRODU GRPDLQ 
5DGRQ WUDQVIRUP KHOSV LQ LGHQWLILFDWLRQ DQG H[WUDFWLRQ RI UDGLDO OLQHV DQG FXUYHV LQ VSLWH RI QRLVH FRQWHQW LQ LULV
LPDJHV)LJDGHSLFWVWKHYDULRXVFXUYHVRI5DGRQWUDQVIRUPRXWSXWIRUIRXUDQJOHVQDPHO\DQG
$VXUIDFHSORWZKHQWKHDQJOHLVLVLOOXVWUDWHGLQ)LJE7KLVVKRZVWKHUHTXLUHGLQWHQVLW\OHYHOVRISDUWLFXODU
SL[HOVUHTXLUHGIRULULVUHFRJQLWLRQ


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

)LJD'HSLFWVWKHYDULRXVJUDSKRXWSXWVRI5DGRQWUDQVIRUPZKHQLVDQGE6KRZVWKHVXUISORWIRU5DGRQWUDQVIRUP
ZKHQLV


  

)LJD7RSKDWILOWHUFXUYHVIRUYDULRXVVWUXFWXUDOHOHPHQWVL]HVE6WUXFWXULQJHOHPHQWVL]HRILVIRXQGWRJLYHEHVW,ULVUHFRJQLWLRQ

 
4.2. Proposed pre-processing using Top hat filter for image enhancement 
 
 7RSKDWILOWHUUHPRYHVUHGXQGDQWLQIRUPDWLRQLQDQLPDJHLQFOXGLQJHOLPLQDWLRQRIQRLVH$OVRLWHQKDQFHVWKH
UHVROXWLRQDQGFRQWUDVWRIWKHHGJHVRIDQLULVLPDJHE\EOXUULQJWKHRWKHULQIRUPDWLRQVXFKDVFRYHULQJRIH\HERG\
,WLVDOVRXVHGWRFRUUHFWXQHYHQLOOXPLQDWLRQZKHQWKHH\HLVVXEMHFWHGWRYDULRXVEDFNJURXQGV7RSKDWILOWHUZRUNV
RQDVWUXFWXUDOHOHPHQW6(FUHDWHGE\WKHVKDSHVSHFLILHG7KH6(VKDSHVDUHRIW\SHVYL]GLDPRQGGLVNOLQH
RFWDJRQSDLUSHULRGLFUHFWDQJOHDQGVTXDUH

 ([SHULPHQWDOO\ZHIRXQGWKDWLULVUHFRJQLWLRQUDWHLVEHVWZKHQWKH6(LVdisk-shaped and  the element size is 15 
(Fig 4(b)). This also results in best contrast enhancement and  exhibits the most important edge and finer details of 
iris images.

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4.3. Proposed DWT+DCT based feature extractor: 

 7KHSUHSURFHVVHGLPDJHLVIHGWRWKHIHDWXUHH[WUDFWLRQVWDJH'LVFUHWH:DYHOHW7UDQVIRUP':7LVDWRROWKDW
VHSDUDWHVGDWDLQWRGLIIHUHQWIUHTXHQF\FRPSRQHQWVDQGWKHQVWXGLHVHDFKFRPSRQHQWZLWKUHVROXWLRQPDWFKHGWRLWV
VFDOH :H KDYH XVHG Haar DV WKH PRWKHU ZDYHOHW VLQFH WKLV UHVXOWHG LQ WKH EHVW UHFRJQLWLRQ UDWH ':7
FRPSXWHVIRXUFRHIILFLHQWVQDPHO\F$DOOFRPSRQHQWVF+KRUL]RQWDOFRPSRQHQWF9YHUWLFDOFRPSRQHQWDQG
F'GLDJRQDOFRPSRQHQWDVGHSLFWHGLQ)LJ2XWRIWKHVHZHKDYHXVHGRQO\F$FRHIILFLHQWVWRJHWDUHGXFHG
VHWRILULVIHDWXUHV

 ':7RXWSXWLVVWLOOLQVSDWLDOGRPDLQ+HQFHWRREWDLQEHWWHUGLVFULPLQDWRU\IHDWXUHVZHXVH'LVFUHWH&RVLQH
7UDQVIRUP '&7 ZKLFK WUDQVIRUPV LW LQWR IUHTXHQF\ GRPDLQ $OVR'&7 OD\V D JURXQG IRU EHWWHU IHDWXUH
VHOHFWLRQXVLQJ%LQDU\3DUWLFOH6ZDUP2SWLPL]DWLRQ)LJVKRZVWKHYDULRXVVWDJHVRISUHSURFHVVLQJDQGIHDWXUH
H[WUDFWLRQSLSHOLQH


)LJD':7GHFRPSRVLWLRQD%DVLFLGHDRIOHYHO':7GHFRPSRVLWLRQEOHYHO':7GHFRPSRVLWLRQRIDQLULVLPDJHIURP3KRHQL[
GDWDEDVH



)LJ3UHSURFHVVLQJDQG)HDWXUHH[WUDFWLRQ2ULJLQDOLPDJH3UH±SURFHVVHGLPDJHF$FRPSRQHQWRI':7VXUISORWRIF$
FRPSRQHQW'&7RXWSXW6XUISORWRI'&7RXWSXW


)HDWXUH6HOHFWLRQXVLQJ%LQDU\3DUWLFOH6ZDUP2SWLPL]DWLRQ

 7KHRXWSXWRI IHDWXUH H[WUDFWRU VWLOO KDV UHGXQGDQW IHDWXUHV 7R UHGXFH  DQG WRREWDLQ WKHPRVW LPSRUWDQW LULV
IHDWXUHVUHTXLUHGIRUUHFRJQLWLRQ)HDWXUH6HOHFWLRQLVXVHG)HDWXUHVHOHFWLRQDOJRULWKPVLQFOXGH*HQHWLFDOJRULWKPV
*$ DQG VZDUP LQWHOOLJHQW DOJRULWKPV ,Q WKLV SDSHUZH XVH DQ HYROXWLRQDU\ VZDUP LQWHOOLJHQW DOJRULWKP FDOOHG
3DUWLFOH6ZDUP2SWLPL]DWLRQ362362XVHVD UHGXFHGSDUWLFOHVL]H IRURSWLPL]DWLRQ WKDQ*$ ,W LVEDVHGRQ
ELUGIORFNLQJDQGILVKVFKRROLQJ%DVHGRQWKHVRFLDOEHKDYLRXUWKHSDUWLFOHVHDFKSDUWLFOHLVDSRWHQWLDOVROXWLRQ
DUHGLVWULEXWHGWKURXJKRXWWKHVHDUFKLQJVSDFHHDFKZLWKLWVLQGLYLGXDOSHUVRQDOSRVLWLRQDQGYHORFLW\$Fitness 
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function KHOSV LQ VHOHFWLQJ WKRVH IHDWXUHVZKLFK XQLTXHO\ GHVFULEH WKH LULV )LWQHVV IXQFWLRQPD[LPL]HV WKH FODVV
VHSDUDWLRQRIWKHIHDWXUHVXEVHW

 7KHSDUWLFOHVHYROYHE\XSGDWLQJWKHLUSRVLWLRQDQGYHORFLW\DFFRUGLQJWRWKHIROORZLQJHTXDWLRQV


           
t t t t
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(XFOLGHDQGLVWDQFH'  LVXVHG WRPHDVXUH WKH UDWHDWZKLFK WKH WUDLQDQG WHVW LPDJHVPDWFK' LV WKHVWUDLJKW OLQH
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ZKHUH ip DQG iq DUHFRRUGLQDWHVRISRLQWVSDQGTLQ1GLPHQVLRQDOVSDFHRIWUDLQDQGWHVW LPDJHVUHVSHFWLYHO\
%HVWPDWFKLVREWDLQHGZKHQWKHGLVWDQFHEHWZHHQWKHLPDJHDQGWKHWHVWLPDJHLVOHDVW

([SHULPHQWDO5HVXOWV

7KHEORFNGLDJUDPRIWKHSURSRVHG,ULV5HFRJQLWLRQ,5V\VWHPLVVKRZQLQ)LJ7KHSURSRVHGPHWKRGRORJ\
KDV EHHQ H[SHULPHQWHG RQ WZR EHQFKPDUN LULV GDWDEDVHV QDPHO\  Phoenix database DQG Indian Institute of 
Technology Delhi (ITTD) database 7KHVH GDWDEDVHV KDYH EHHQ VHOHFWHG WR WHVW WKH SURSRVHG ,5 V\VWHP XQGHU
YDULRXVFRQGLWLRQV3KRHQL[GDWDEDVHFRQVLVWVRILULVLPDJHSDWWHUQVZLWKKLJKUHVROXWLRQDQG,77'GDWDEDVHFRQWDLQV
LPDJHVRILULVZLWKQRLVHEHFDXVHRIH\HODVK

7.1. Experiment 1: Phoenix Database 
7KH VDPSOH LPDJHV IURP 3KRHQL[ GDWDEDVH   DUH VKRZQ LQ )LJ D 7KLV GDWDEDVH FRQWDLQV  VXEMHFWV 
LPDJHVSHUFODVV OHIWH\HDQGULJKWH\HSDWWHUQ7KHVL]HRIHDFK LPDJH LV[SL[HOVZKLFKDUHVFDOHG
GRZQWR[SL[HOV)URPWKHH[SHULPHQWDOUHVXOWVZHREVHUYHWKDWWKHSURSRVHGPHWKRG\LHOGVDQLQFUHDVHG
UHFRJQLWLRQUDWH7KHH[SHULPHQWVKDYHEHHQGRQHRQGLIIHUHQWWUDLQLQJWRWHVWLQJUDWLRV7DEOHDQG)LJJLYHWKH
YDULRXVPHWULFVDVZHYDU\WKHWUDLQLQJWRWHVWLQJUDWLR
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7DEOH([SHULPHQWDOUHVXOWVIRU3KRHQL[GDWDEDVHIRUYDULRXV7UDLQLQJWR7HVWLQJUDWLRV

7UDLQLQJWR7HVWLQJ5DWLR $YHUDJH55 $YHUDJHIHDWXUHVVHOHFWHG 7HVWLQJWLPHVHF
   
   
   
   
   




)LJ3ORWRI([SHULPHQWDOUHVXOWVIRU3KRHQL[GDWDEDVHIRUYDU\LQJ7UDLQLQJWR7HVWLQJUDWLRV

7DEOH([SHULPHQWDOUHVXOWVIRU,,7'GDWDEDVHIRUYDULRXV7UDLQLQJWR7HVWLQJUDWLRV

 




)LJ3ORWRI([SHULPHQWDOUHVXOWVIRU,,7'GDWDEDVHIRUYDU\LQJ7UDLQLQJWR7HVWLQJUDWLRV
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





)LJ6DPSOHVLULVLPDJHVIURPD3KRHQL[GDWDEDVHE,,7'GDWDEDVH


7.2. Experiment 2: IITD database 
 
,,7',QGLDQ,QVWLWXWHRI7HFKQRORJ\'HOKLGDWDEDVHZKRVHVDPSOHLPDJHVDUHVKRZQLQ)LJEFRQWDLQV
VXEMHFWVLPDJHVSHUFODVVHDFKKDYLQJWKHVL]HDV[SL[HOV,WKDVEHHQUHVL]HGWR[SL[HOV7KH
LULVLPDJHVLQWKLVGDWDEDVHDUHVXIILFLHQWO\LOOXPLQDWHG7DEOHVKRZVWKHUHVXOWVREWDLQHGIRU,,7'GDWDEDVHDQG
)LJGHSLFWVWKHFRUUHVSRQGLQJFKDUW


7.3. Experiment 3: Experimental Results for various pipelines  
 
 :HPDGH D GHWDLOHG VWXG\XVLQJYDULRXV FRPELQDWLRQV RI  WKHSUHSURFHVVLQJ WHFKQLTXHV DQGRU':7DQGRU
'&7 IRU ERWK3KRHQL[ DQG ,,7'GDWDEDVHV  7KH UHVXOWV DUH WDEXODWHG LQ7DEOHV  DQG UHVSHFWLYHO\  )URP WKH
UHVXOWVZHFRQFOXGHWKDWWKHEHVWUHFRJQLWLRQUDWHVDUHREWDLQHGIRUWKHIROORZLQJFRPELQDWLRQV

3KRHQL[0)+(577)':7'&7

,,7'0)577)':7'&7

Hence this is our proposed methodology for the two databases

7DEOH([SHULPHQWDOSLSHOLQHVIRU3KRHQL[GDWDEDVHLQGLFDWLQJWKDWWKHSURSRVHGPHWKRGRORJ\0)+(577)':7'&7JLYHVWKH
KLJKHVWUHFRJQLWLRQUDWH+LVWRJUDP(TXDOL]DWLRQLVUHTXLUHGIRUWKLVGDWDEDVH
1RWH '&7'LVFUHWH&RVLQH7UDQVIRUP
  ':7'LVFUHWH:DYHOHW7UDQVIRUP
  0)0HGLDQ)LOWHU
  +(+LVWRJUDP(TXDOL]DWLRQ
  575DGRQ7UDQVIRUP
  7)7RS+DW)LOWHU















7DEOH([SHULPHQWDOSLSHOLQHVIRU,,7'GDWDEDVHLQGLFDWLQJWKDWWKHSURSRVHGPHWKRGRORJ\0)577)':7'&7JLYHVWKHKLJKHVW
UHFRJQLWLRQUDWH+LVWRJUDP(TXDOL]DWLRQLVnot QHFHVVDU\IRUWKLVGDWDEDVHDQGKHQFHZHGRQRWXVH+(LQRXUSURSRVHGWHFKQLTXH
1RWH '&7'LVFUHWH&RVLQH7UDQVIRUP
  ':7'LVFUHWH:DYHOHW7UDQVIRUP
  0)0HGLDQ)LOWHU
  +(+LVWRJUDP(TXDOL]DWLRQ
  575DGRQ7UDQVIRUP
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  7)7RS+DW)LOWHU



 
 

7.4. Comparison with other IR  systems 
 
 7KHSHUIRUPDQFHRIRXUSURSRVHGPHWKRG LVFRPSDUHGZLWKWKHH[LVWLQJPHWKRGVVXFKDV WKHFRPELQDWLRQRI
,0&( ,QWHQVLW\ 0DSSHG &RQWUDVW (QKDQFHPHQW 7HFKQLTXH DQG 'VUK')7 'RXEOH V\PPHWULF UHFWDQJXODU
K\SHUEROLFEDVHG')77KHFRPSDULVRQUHVXOWVIRU3KRHQL[GDWDEDVHDUHVKRZQLQ7DEOH



7DEOH&RPSDULVRQZLWKRWKHU,56\VWHPV




&RQFOXVLRQVDQG6FRSHIRUIXWXUHZRUN

 $QRYHODSSURDFKIRUDIOH[LEOH,ULV5HFRJQLWLRQ,5V\VWHPLVSURSRVHGZKLFKXVHVWKHFRPELQDWLRQRI5DGRQ
WUDQVIRUP DQG 7RS KDW ILOWHULQJ IRU HQKDQFLQJ ILQHU GHWDLOV RI WKH LULV HGJHV ':7'&7 IRU HIILFLHQW IHDWXUH
H[WUDFWLRQDQGD%362EDVHGIHDWXUHVHOHFWLRQ7KHVHKDYHSOD\HGDNH\UROHDQGKDYHEHHQWKHPDLQFRQWULEXWRUV
IRU WKH KLJK UHFRJQLWLRQ UDWHV 55EHLQJREWDLQHG'XH WR WKH DSSOLFDWLRQ RI%362 VXEVWDQWLDO UHGXFWLRQ LQ WKH
QXPEHU RI LULV IHDWXUHV KDV EHHQ REVHUYHG $ VXFFHVVIXO DWWHPSW KDV EHHQ PDGH WR HTXDOO\ KDQGOH DOO LPDJH
YDULDWLRQV ORZ FRQWUDVW LOOXPLQDWLRQ DQG VKLIWYDULDQFH 7KH SURSRVHG PHWKRG H[KLELWV H[WUHPHO\ JRRG
SHUIRUPDQFHXQGHU ORZFRQWUDVW 3KRHQL[GDWDEDVH ,W LV DOVR VXFFHVVIXO LQ WDFNOLQJ WKHPRVW FKDOOHQJLQJ WDVNRI
VKLIWYDULDQFHLQ,5ZLWKDYHUDJH55RIIRU,,7'GDWDEDVHZLWK7UDLQLQJWR7HVWLQJUDWLRRI8VLQJWKH
WHFKQLTXHRI5DGRQ WUDQVIRUP7RSKDW ILOWHULQJ DYHUDJH55RIZDVREWDLQHG IRU3KRHQL[GDWDEDVHZLWK
7UDLQLQJWR7HVWLQJUDWLRRI2QD3&ZLWK,QWHOL*+]&38DQG*%5$0WKHSURSRVHGWHFKQLTXHV
FRVWDQDYHUDJHWHVWLQJWLPHRIPVHFSHULPDJH3KRHQL[GDWDEDVHXVLQJ0$7/$%7KLVPD\VWLOOEHDOLPLWDWLRQ
RI WKH SURSRVHG WHFKQLTXHV IRU UHDO WLPH DSSOLFDWLRQV +HQFH D IXWXUH UHVHDUFK LVVXH FRXOG EH GHYHORS IDVW
FRPSXWDWLRQDOPHWKRGV

5HIHUHQFHV

 5DNHVK66DQGHHS*63.0DQLNDQWDQ65DPDFKDQGUDQ³')7±EDVHG)HDWXUH([WUDFWLRQDQG,QWHQVLW\0DSSHG&RQWUDVWHQKDQFHPHQW
IRU(QKDQFHG,ULV5HFRJQLWLRQ´,QProceedings of Fourth International Conference on signals and Image ProcessingS±
 ;LDR=KRX&KHQ&KDQJ<LQ:X/LDQJ/LQ;LRQJ)DQ<DQJ³$1RYHO8QLILHG1RLVH$OJRULWKPIRU,ULV5HFRJQLWLRQ´,QProceedings of 
International Conference on Future Energy, Environment, and MaterialsS±
 -LQJKXL/LD%DLUXL7DR<DQFKXQ:DQJD;LELQJ/LE³5HVHDUFKDQG,PSOHPHQWDWLRQRI,ULV5HFRJQLWLRQ$OJRULWKP´,QProceedings of 
International Workshop on Information and Electronics EngineeringS±
265 Swathi S. Dhage et al. /  Procedia Computer Science  45 ( 2015 )  256 – 265 
 =KRQJOLDQJ /XR ³,ULV )HDWXUH ([WUDFWLRQ DQG 5HFRJQLWLRQ %DVHG RQ :DYHOHW%DVHG &RQWRXUOHW 7UDQVIRUP ´ ,Q: Proceedings of 
International Workshop on Information and Electronics EngineeringS±
 %7KL\DQHVZDUDQ5.DQGLEDQ.6-D\DNXPDU³(OLPLQDWLRQRI,ULVKD]DUGVLQWHQGHGIRUORFDOL]DWLRQXVLQJYLVLEOHIHDWXUHVRILULVUHJLRQ´
,Q: Proceedings of International conference on Modelling, Optimization and ComputingS±
 . 6HHWKDUDPDQ 5 5DJXSDWK\ ³,ULV UHFRJQLWLRQ IRU 3HUVRQDO ,GHQWLILFDWLRQ 6\VWHP´ ,Q: Proceedings of International Conference on 
Modelling, Optimization and Computing,S±
 $EGXOMDOLO5DGPDQ.DVPLUDQ -XPDUL1DVKDUXGGLQ=DLQDO ³,ULV 6HJPHQWDWLRQ LQ9LVLEOH:DYHOHQJWK(QYLURQPHQW´ ,QProceedings of 
International Symposium on Robotics and Intelligent SensorsS
 $O\,'HVRN\+HVKDP$$OL1DKOD%$EGHO+DPLG³(QKDQFLQJLULVUHFRJQLWLRQV\VWHPSHUIRUPDQFHXVLQJWHPSODWHVIXVLRQ´AinShams 
Engineering Journal
 6KHHED-H\D6RSKLD69HOXFKDP\6³6HFXULW\6\VWHP%DVHGRQ,ULV5HFRJQLWLRQ”, Research Journal of Engineering Sciences,±

 5DEDE05DPDGDQ5HKDE)$EGHO.DGHU³)DFH5HFRJQLWLRQ8VLQJ3DUWLFOH6ZDUP2SWLPL]DWLRQ%DVHG6HOHFWHG)HDWXUHV´International 
Journal of Signal Processing, Image Processing and Pattern Recognition±
*DUJL$PROL1LWLQ7KDSOL\DO1LGKL6HWKL³,ULV3UHSURFHVVLQJ´ International Journal of Advanced Research in Computer Science and 
Software Engineering±
 5DMHVK *DUJ %KDZQD0LWWDO 6KHHWDO *DUJ ³+LVWRJUDP (TXDOL]DWLRQ 7HFKQLTXHV )RU ,PDJH (QKDQFHPHQW ”, International Journal of 
Electronics And Communication Technologies±
$KPHG4$/7KDKDE³,PDJH5HFRJQLWLRQ8VLQJ&RPELQDWLRQRI0XOWLZDYHOHWDQG5DGRQ7UDQVIRUPVZLWK1HXUDO1HWZRUN´Journal of 
Babylon University±
 -LWHQGUD &KDXGKDUL 3UDGHHS0 3DWLO < 3 .RVWD ³)HDWXUH ([WUDFWLRQ XVLQJ +LVWRJUDP RI 5DGRQ 7UDQVIRUP IRU SDOP SULQW PDWFKLQJ”, 
International Journal of Advances in Engineering and Technology±
$UQDXG GH 'HFNHU -RKQ $OGR /HH 'DPLHQ )UDQFRLV0LFKHO 9HUOH\VHQ ³0RGH (VWLPDWLRQ LQ +LJKGLPHQVLRQDO 6SDFHV ZLWK )ODW±WRS
.HUQHOV DV $SSOLFDWLRQ WR ,PDJH'H±QRLVLQJ´ ,QProceedings of European Symposium on Artificial Neural Networks, Computational 
Intelligence and Machine LearningS±
 -DVKDQELU6LQJK.DOHND5HHFKD6KDUPD³&RPSDUDWLYH3HUIRUPDQFH$QDO\VLVRI+DDU6\POHWVDQG%LRUZDYHOHWVRQ,PDJHFRPSUHVVLRQ
XVLQJ'LVFUHWH:DYHOHW7UDQVIRUP´International Journal of Computers and Distributed Systems,±
0DUFLQ.RFLROHN$QGU]HM0DWHUND0LFKDO6WU]HOHFNL3LRWU6]F]\SLQVNL³'LVFUHWHZDYHOHWWUDQVIRUP'HULYHGIHDWXUHVIRUGLJLWDOLPDJH
WH[WXUHDQDO\VLV´,QProceedings of International Conference on Signals and Electronic SystemsS±
 -DZDG1DJL 6\HG.KDOHHO$KPHG )DUUXNK1DJL ³3RVH ,QYDULDQW )DFH5HFRJQLWLRQ XVLQJ+\EULG':7'&7)UHTXHQF\ )HDWXUHVZLWK
6XSSRUW9HFWRU0DFKLQHV´,Q: Proceedings of Fourth International Conference on Information Technology and MultimediaS±

 6KZHWD -DLQ03 3DUVDL ³&RPSDUDWLYH $QDO\VLV RI 9DULRXV :DYHOHW )DPLOLHV XVHG IRU 5:DYH 'HWHFWLRQ RI (&* :DYHIRUPV ´
International Journal of Innovative Research in Science, Engineering and Technology±
0DQHHVKD*XSWD$PLW.XPDU*DUJ ³$QDO\VLV2I ,PDJH&RPSUHVVLRQ$OJRULWKP8VLQJ '&7”, International Journal of Engineering 
Research and Applications±
 -.HQQHG\5(EHUKDUW³$'LVFUHWH%LQDU\9HUVLRQRIWKH3DUWLFOH6ZDUP$OJRULWKP´,QProceedings of IEEE International Conference 
on Systems, Man, and CyberneticsS
 5RRKL676DFKLQ'6.0DQLNDQWDQ65DPDFKDQGUDQ³)HDWXUH$FFHQWXDWLRQXVLQJ8QLIRUP0RUSKRORJLFDO&RUUHFWLRQDV3UHSURFHVVLQJ
7HFKQLTXHIRU':7EDVHG)DFH5HFRJQLWLRQ´,QProceedings of International Conference on Computational Intelligence on Modelling, 
Techniques and ApplicationsS
 6XGHHS'7KHSDGH3RRMD%LGZDL ³,ULV5HFRJQLWLRQXVLQJ)UDFWLRQDO&RHIILFLHQWVRI&RVLQH:DOVK+DDU6ODQW.HNUH7UDQVIRUPVDQG
:DYHOHW7UDQVIRUPV´International Journal of Emerging Technologies in Computational and Applied Sciences±
 6XGHHS7KHSDGH3XVKSD50DQGDO³3HUIRUPDQFH&RPSDULVRQRI&RVLQH:DOVK+DDU.HNUHDQG+DUWOH\7UDQVIRUPVIRU,ULV5HFRJQLWLRQ
XVLQJ)UDFWLRQDO(QHUJLHVRIWKH7UDQVIRUPHG,ULV,PDJHV”, International Journal of Emerging Technologies in Computational and Applied 
Sciences,±
 3KRHQL['DWDEDVHKWWSZZZLQIXSROF]LULV
 ,,7'HOKLGDWDEDVHKWWSZHELLWGDFLQELRPHWULFV'DWDEDVH,ULVKWP

